nodes. There is general agreement that removal of negative lymph nodes does not provide any significant benefit. Therefore, the ability to predict the status of the nonsentinel lymph nodes (NSNs), whether positive or negative, could help to tailor surgical therapy to those individuals most likely to derive a benefit from completion ALND. Patients with a predicted small chance of residual axillary lymph node metastasis after a positive SN biopsy might be able to safely avoid completion ALND. Conversely, prediction of the high likelihood of residual axillary lymph node metastases may identify patients for whom completion ALND is necessary.
In an attempt to obtain predictive parameters, multiple published studies have identified pathologic characteristics of the primary tumor and SN that are associated with an increased likelihood of additional positive NSNs. Because of perceived regional and institutional differences in methods of obtaining and evaluating lymph nodes, as well as limited patient numbers in each study, we undertook a comparative meta-analysis of these studies to assess the strength of the associations of these characteristics with the presence of NSN metastasis and the consistency of these findings across studies.
MATERIALS AND METHODS
To identify relevant articles, a MEDLINE search was performed using the following keywords: nonsentinel node, non-sentinel node, nonsentinel lymph node, non-sentinel lymph node, sentinel lymph node biopsy combined with breast neoplasms and characteristics, sentinel lymph node biopsy combined with breast neoplasms and predictors, and breast neoplasms combined with axillary dissection and metastasis. Articles from these searches with titles pertinent to the topic were evaluated further. Articles included in the meta-analysis were those that reported original data regarding the association between various patient/ tumor characteristics and the likelihood of positive NSNs. Criteria for inclusion in the meta-analysis were as follows: 1) the study identified the population of patients with a positive SN and who underwent completion ALND, 2) original data were reported on the number of SN-positive patients who had positive NSNs stratified by various patient/tumor characteristics, 3) statistical analysis for these characteristics was not based on groups that included patients with negative SNs, and 4) the study population included patients with both micrometastatic and macrometastatic disease in the SNs. References cited in the selected articles were reviewed for additional relevant reports, and these studies were subjected to the same criteria for inclusion. Studies that appeared to represent overlapping patient populations were evaluated for extent of data; the study with lesser relevance was excluded.
Information was collected concerning the characteristics of the studies, as well as the types of patient/ tumor characteristics examined and the level of statistical significance. The numbers of patients with positive and negative NSNs for each characteristic were abstracted from each study. In some studies, data were not presented for characteristics that were not statistically significant. Therefore, a complete dataset was not always obtainable for every characteristic evaluated in each study. The accuracy of the abstracted data was verified independently by an external consultant (ion Write, Saline, MI). These data then were used to construct graphical representations of the association between the selected characteristics and positive NSNs (as determined by hematoxylin and eosin [H & E] evaluation unless otherwise specified). Study-specific odds ratios were calculated from the abstracted data, and the common odds ratios across studies were estimated using the Mantel-Haenszel method. 5 For the meta-analysis, data regarding NSNs found to be positive by H & E evaluation were used whenever available, but data from studies in which immunohistochemistry (IHC) was performed on NSNs were included. Point estimates and 95% confidence intervals (95% CI) for the common odds ratios were reported for characteristics supported by abstracted data from at least 2 studies. The standard criterion of P values Ͻ 0.05 for hypothesis tests was used to determine statistical significance for original calculations herein and when considering hypothesis tests conducted by the individual study.
RESULTS
Based on the MEDLINE search, 15 candidate studies were identified. 3,6 -19 One study 3 was excluded because of presumed overlap of the dataset with another study. 10 Two studies 17, 18 were excluded because the evaluations were limited to patients with micrometastatic disease in the SN, a group that was potentially dissimilar from the populations of the remaining studies. A fourth study 19 was excluded because the data regarding completion ALND findings were correlated with features among the collective group of SN cases; data concerning the subset of SN-positive patients were not reported.
The 11 studies included in the meta-analysis were published between 1999 and 2003. The study sample sizes (patients with a positive SN who underwent completion ALND) ranged from 60 -389 patients. Patient age, the number of SNs obtained, and the number of NSNs obtained appeared similar across studies (Table 1) , although no explicit statistical testing of this hypothesis was possible given the format of the data. In contrast, the study populations exhibited some apparent variation in disease stage distribution; the proportions of patients with tumors Յ 2 cm and with SN micrometastasis ranged from 30 -78% and 25-57%, respectively.
The routine use of IHC and additional sections to evaluate the NSNs may be the most important difference among the studies. The SN hypothesis was validated by confirming that IHC and additional sectioning rarely detect NSN metastasis in patients with SNs found to be negative by H & E staining and IHC. 20, 21 However, in patients with SNs found to be positive by H & E staining or IHC, increased scrutiny of NSNs with IHC and additional sections reportedly results in a 10 -20% increase in the detection of NSN metastasis. 21, 22 Of the studies analyzed, five used only H & E staining for the evaluation of NSNs. 6, 7, 9, 11, 15 In addition to H & E staining, three studies performed IHC and additional sections on NSNs. Of these 3 studies, 1 evaluated NSNs on 2 levels with a 250-m interval, 8 1 evaluated NSNs on 2 levels with a 40-m interval, 10 and 1 evaluated 3-8 levels in the subgroup of patients with primary tumors measuring Ͻ 2 cm and micrometastasis in the SN. 12 In the remaining three studies, the histologic evaluation of the NSNs was not able to be determined. 13, 14, 16 One study reported data concerning NSNs both with and without the use of IHC for three characteristics: tumor size, metastasis size, and lymphovascular invasion (LVI). 10 Data regarding the remaining factors reported in that study reflect the use of IHC on NSNs. We constructed graphs based on data reporting NSNs found to be positive by H & E evaluation unless otherwise specified. As stated in the "Methods" section, the meta-analysis utilized data regarding NSNs found to be positive by H & E evaluation whenever available, but data from studies performing IHC on NSNs also were included in the meta-analysis. Table 2 presents the clinicopathologic characteristics that were evaluated by at least two studies. Whether the characteristic was found to have a statistically significant association with the presence of NSN metastasis is reported. Two studies reported apparent differences in the proportion of NSN metastasis based on tumor size and metastasis size but did not perform a statistical test of that hypothesis. 15, 16 The characteristics found to be statistically significant by three or more studies were: tumor size, size of metastatic focus within the SN, presence of extranodal extension (EE), presence of LVI, and the number of positive SNs. Other characteristics that were found to be associated significantly with NSN metastasis by univariate analysis in only one study included higher histologic grade, negative estrogen receptor status, and three or more SNs removed.
In addition to the characteristics shown in Table  2 , three additional factors were found to be significantly associated with the presence of NSN metastasis, each in a separate study. In one study that evaluated the location of metastasis in the SN, 13 a metastasis confined to the sinusoid of a SN was associated with a lower likelihood of positive NSNs than a metastasis in the parenchyma of the SN. In the second study, 11 patients receiving neoadjuvant chemotherapy prior to axillary lymph node surgery were more likely to have positive NSNs. The third study found that utilizing IHC as the method of detection of metastasis in the SN was correlated with a lower likelihood of NSN metastasis, 10 although it could be argued this is a surrogate assessment of size of metastasis in the SN. Other characteristics evaluated that were not found to be statistically significant included type of breast procedure, 9 mitotic count 12 or mitotic activity index, 8 palpable axillary lymph node, 10 S-phase fraction, 10 and DNA ploidy. 10 The apparent increase in the proportion of positive NSNs as the tumor size increases is shown in Figure 1 . Despite some variability among the studies, there appears to be general concordance that the proportion of patients with positive NSNs increases with increasing tumor size. The largest variability in the proportions of patients with positive NSNs across studies was found to occur in the subgroups with the fewest patients (T1a, T3, and T4). The small subgroup sample sizes may have contributed to this variability.
A positive association between the size of the metastasis in the SN and the proportion of patients with positive NSNs is shown in Figure 2 . In patients with micrometastatic (Յ 2 mm) SN disease, approximately 13-22% are reported to have additional metastasis by H & E staining in NSNs, in contrast to 45-79% of patients with macrometastatic (Ͼ 2 mm) disease. In those studies that classified the SN metastasis size as detected by IHC only, Յ 2 mm excluding IHC-detected disease, or Ͼ 2 mm, there was a trend toward further discrimination among patients with micrometastatic disease (Fig. 3) . It is notable that even in the subgroup of patients with SN micrometastases that were detectable only with IHC, the chance of H & E-positive NSNs was found to reach 20% (Fig. 3) . Three of four studies evaluating EE found a statistically higher proportion of patients with positive NSNs when EE was present (Fig. 4) . Of the six studies that evaluated LVI, four found a statistically significant increase in the likelihood of positive NSNs when LVI was present. However, the magnitude of this difference was less than that noted for tumor size, metastasis size, or EE.
The estimates of the common odds ratios for specified characteristics across studies, using the Mantel-Haenszel method, are shown in Figure 5 . The common odds ratio and its 95% CI are presented. Intervals that did not overlap the referent (1.0) were considered to be statistically significant at the P Ͻ 0.05 level. Table 3 reports the total sample size and the sample distribution for the levels of the characteristics compared in Figure 5 , along with the range of the calculated study-specific odds ratios. Using evaluation of the common odds ratios, the individual characteristics that demonstrated the strongest association with NSN metastasis were SN metastasis measuring Ͼ 2 mm, the presence of EE in the SN, tumor size Ͼ 2 cm, Ͼ 1 positive SN, and LVI present in the primary tumor. To our knowledge, these five characteristics also are the only ones reported to be significantly associated by the majority of studies that evaluated these factors (Table 2) .
Multivariate analysis performed in several of the studies 7,9-13 also confirmed the importance of these five characteristics (Table 4) . Each of the five characteristics with the strongest association by the MantelHaenszel meta-analysis was found to be statistically significant by multivariate analysis in at least one study, and there were no other features found to be significant by multivariate analysis. One study reported that metastasis size, LVI, and EE were all so highly related that on multivariate analysis only one factor remained significant, although this factor was not specified. 6 
DISCUSSION
Because of the lower morbidity associated with SN biopsy compared with ALND, 23 this method has become widely utilized to stage the axilla in patients with breast carcinoma. The primary benefit offered by SN biopsy is the elimination of ALND in patients with lymph node-negative disease. When a SN is positive, completion ALND remains the standard of care. However, persistent concern for the morbidity of ALND generates a parallel question in SN-positive patients: can any of these individuals be spared a completion ALND? To consider omitting completion ALND, clinicians need information regarding the likelihood of additional axillary lymph node metastasis, as well as outcomes when potential residual disease is not resected.
The American College of Surgeons Oncology Group (ACOSOG) is currently accruing patients to a prospective trial that randomizes SN-positive lumpectomy patients to completion ALND versus observation. 24 We believe this study will provide definitive data regarding the necessity of a standard ALND in contributing to survival, as well as in obtaining durable regional control of disease after resection of at least one metastatic SN. Encouraging patients to participate in this important trial should be a high priority. However, it is likely that its mature results will not be reported for several years. In the meantime, a predictive model to estimate the likelihood of a patient harboring metastatic NSNs will remain valuable for those cases in which the ACOSOG trial is not available, and for patients who are ineligible for the study, such as mastectomy patients. Knowledge of the clinicopathologic characteristics associated with NSN metastasis may be helpful in the analysis of data and correlation with outcome in this trial or future investigations.
The results of the current meta-analysis demonstrate that in the presence of any 1 of 5 characteristics (SN metastasis size Ͼ2 mm, the presence of extranodal extension in the SN, tumor size Ͼ 2 cm, Ͼ 1 positive SN, or LVI present in the primary tumor), there is a Ͼ 2-fold increase in the likelihood of finding additional metastasis in NSNs. Conversely, no subgroup of patients identified by a single characteristic consistently demonstrated a Ͻ 10% chance of NSN metastasis. Theoretically, patients lacking all five of the pathologic features characteristics specified would comprise this group; however, effective analysis for this narrowly defined subgroup is limited by small patient numbers, underscoring the importance of a large dataset.
Although the data presented in the current study are limited to the strength of associations of the individual characteristics, there is remarkable similarity reported among studies despite known differences in protocols. One of the known differences-the variable use of IHC to evaluate NSNs-is a concerning potential source of variation among the studies. As mentioned previously, in patients with H & E-or IHCpositive SNs, increased scrutiny of NSNs with IHC and additional sections is reported to result in a 10 -20% increase in the detection of NSN metastasis. 21, 22 Five studies included in the meta-analysis reported the routine use of IHC, three did not routinely use IHC, and in three studies the use of IHC was indeterminate. Including studies that varied with regard to the use of IHC on NSNs appears to decrease the homogeneity of the dataset in the meta-analysis, but excluding studies on this basis would markedly limit the size of the dataset. In our opinion, the larger dataset afforded by including all the studies justified this potential source of variability. Furthermore, the graphical representation of study-specific results in Figures 1-4 allows the reader to correlate results based on the likelihood of positive NSNs with use of IHC.
Based on the meta-analysis, the size of the metastatic focus in the SN appears to demonstrate the strongest association with the likelihood of positive NSNs, and the lowest likelihood of positive NSNs noted for any single characteristic occurred in the subgroup with IHC-detected metastasis. Although controversial, the use of IHC on SNs is not recommended currently. 25 Therefore, a predictive model that incorporates this feature may have compromised applicability when pathologic evaluation of the SN does not include IHC. IHC detection of metastasis in the SN is essentially a surrogate determination of small metastasis size. Because the size of the metastasis in the SN appears to be the single most important feature, a predictive model based on a more refined categoric distinction of metastasis size (or incorporation of the actual measured size of the metastasis as a continuous variable) might provide an alternative and more applicable approach to distinguish those patients least likely to have NSN metastasis. This potential advantage would have to be weighed against the disadvantage of requiring a pathologic measurement that is not routinely reported.
Rahusen et al. 8 suggested that redefining micrometastasis as lymph node disease Ͻ 1 mm may provide better discrimination of patients at low risk for metastasis in NSNs. Support for this idea is found in a study that focused exclusively on patients with SN metastasis Յ 2 mm, subdividing patients by metastasis size in 0.3-mm increments. 18 The authors found that the proportion of patients with positive NSNs was 13-17% for subgroups in which the metastasis was Յ 1 mm compared with 33-38% for subgroups with in which the metastasis measured1-2 mm. Similarly, Rahusen et al. found a difference in NSN metastasis using a 1-mm cutoff for metastasis size( 27% with SN metastasis Ͻ 1 mm compared with 50% with SN metastasis Ն 1 mm). 8 These values appear high and may be explained by the use of routine IHC on NSNs, but they also support consideration of a 1-mm cutoff. Although current American Joint Committee on Cancer criteria define micrometastatic disease as disease measuring Յ 2 mm, Rahusen et al. 8 proposed that a 1-mm delineation may be more clinically relevant with a goal of discriminating which individuals have a dramatically lower risk of NSN metastases and could potentially forego completion ALND.
Despite the findings on univariate analysis, confounding of variables is expected, and multivariate analysis is necessary to develop a model that could accurately predict the likelihood of positive NSNs in an individual patient. Unfortunately, without the original multivariate data regarding each individual person/patient in each study, we do not believe it is possible to perform multivariate analysis on the pooled data for this review. However, a multivariate model to predict the status of NSNs recently was proposed in an abstract from the Memorial Sloan-Ketter- ing Cancer Center based on a dataset of 702 patients with positive SNs who underwent completion ALND. 26 A nomogram was presented that included nine factors, with points assigned for each factor. The researchers reported a predictive accuracy of 74% with this model. EE was not found to be one of the features included in their model, although it was statistically significant by univariate analysis in three studies 6, 10, 13 and by multivariate analysis in one study reviewed herein. 10 We believe the publication of this predictive model will afford the opportunity to validate it in a dataset from another institution.
If a low probability of NSN metastasis can be predicted, a judgment regarding the omission of completion ALND will remain subject to the opinions of both physicians and patients. Individuals advocating elimination of ALND whenever possible will argue that it may not be necessary to resect residual disease. The multiple articles reviewed in the current study demonstrate that only 20 -30% of patients with micrometastatic disease will have metastatic disease in the NSNs. Some of these patients would receive cytotoxic chemotherapy or radiation therapy (regardless of the NSN status), which might successfully eradicate any residual axillary lymph node disease. Guenther et al. 27 reported a low incidence of regional failure in 46 patients with SN metastases who did not undergo ALND (mean follow-up of 32 months). Furthermore, Greco et al. 28 documented that axillary lymph node recurrences in untreated axillas are less frequent than would be expected based on the incidence of positive lymph nodes with ALND, implying that only a small proportion of patients with histologically detectable axillary lymph node disease will develop a clinical recurrence.
In contrast, individuals who support more aggressive surgical management will point out that ALND improves local disease control and also may provide a survival benefit. A review of survival data from the National Cancer Database concerning women with Stage I and Stage II breast carcinoma demonstrated that the 10-year survival was significantly worse when ALND was omitted, and this effect was not completely the result of understaging. 29 However, to our knowledge, data regarding comorbidities that may have influenced the decision to minimize the aggressiveness of surgical care were not available. Further support for ALND is found in a meta-analysis of randomized controlled trials that demonstrated a 5% survival benefit to ALND, although these patients did not receive adjuvant therapy, limiting the applicability of these data to current practice. 30 Another factor that supports completion ALND is the finding of macroscopic residual disease in some patients whose SNs have only micrometastatic disease; among those studies reporting this finding, the incidence rate was reported to be as high as 16%. 8, 10, 17, 18 Although it may appear logical to eliminate completion ALND for patients unlikely to have positive NSNs, Morrow argues that patients with small primary tumors and only one to three positive lymph nodes may be those individuals most likely to obtain a survival benefit from aggressive locoregional therapy. 31 With the therapeutic value of ALND still in question, information regarding the likelihood of metastasis in NSNs can be very helpful when counseling breast carcinoma patients with positive SNs. The articles reviewed in the current study underscore the fact that this is a common issue in clinical practice. Until results are available from the ACOSOG Z0011 trial regarding the therapeutic value of ALND, a predictive model will be valuable to clinicians. The analysis presented herein suggests that the five characteristics most strongly associated with NSN metastasis should be included in prospective databases and in the formulation of a predictive model. The development and validation of this model will require multivariate analysis of a large dataset from different institutions. Efforts currently are underway to achieve this goal. Given the similarity of the data from different institutions in the current review, it is reasonable to be optimistic concerning the widespread applicability of a validated predictive model. The use of any predictive model will nonetheless require clinical judgment weighing the risks and benefits of completion ALND.
